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This paper represents numerical simulation of flow inside an axial transonic compressor subject to inlet flow dis- 


tortion, to evaluate its effect on compressor performance and stability. Two types of inlet distortion, namely inlet 


swirl and total pressure distortion are investigated. To study the effect of combined distortion patterns, different 


combinations of inlet swirl and total pressure distortion are also studied. Results for cases with total pressure dis- 


tortion indicate that hub radial distortion improves stability range of the compressor while tip radial distortion de- 


teriorates it. An explanation for this observation is presented based on redistribution of flow parameters caused by 


distortion and the way it interacts with stall inception mechanisms in a transonic axial compressor. Results also 


show that while co-swirl patterns slightly improve stability range of the compressor, counter-swirl patterns dimi- 


nish it. Study of combined distortion cases reveals that superimposition of effects of each individual pattern could 


predict the effect of a combined pattern on compressor’s performance within an accuracy of 1%. However, it is 


unable to predict the associated effect on compressor’s stability. 
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Introduction 


Clean flow at the inlet is one of the most convenient 
assumptions in normal approach to compressor and fan 
design. It is the nominal inlet flow condition at which 
flow properties are assumed to be uniform and flow di- 
rection to be axial at the Aerodynamic Interface Plane 
(AIP). However in normal practice, the compressor is 
quite often faced with distorted flow at the inlet. 

Inlet distortion can be divided into three main catego- 
ries: total pressure, total temperature and swirl distortion. 
They affect compressor’s performance in terms of its 
pressure ratio and efficiency, however, their effect on the 
compressor stability is normally more critical. Inlet dis- 
tortion patterns redistribute flow parameters over the 
compressor blades which could in turn alter the stability 
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condition of the compressor and trigger rotating stall or 
surge. 

Total pressure distortion is defined as non-uniform 
distribution of total pressure at the inlet. The incoming 
flow may have a radial or circumferential distribution of 
total pressure at the AIP. Similar definition is made for 
total temperature distortion [1]. Swirl distortion or flow 
angularity refers to non-axial flow at the inlet. Incoming 
flow may have both radial and circumferential compo- 
nent of velocity at AIP, of which the latter is more im- 
portant -and is considered in this study- because it di- 
rectly affects the incidence angle of the rotor blade [2,3]. 
Circumferential inlet swirl might further be categorized 
into two main types: l- Bulk swirl and 2- Paired swirl. 
Bulk swirl consists of a single vortex at the inlet, rotating 
either in the direction of compressor rotation (co-swirl) 


or in the opposite direction (counter-swirl). Paired swirl 
consists of two vortices rotating in opposite directions (a 
co-swirl and a counter-swirl vortex). A detailed descrip- 
tion of inlet swirl characterization may be found in 
Sheoran et al. [2]. This study considers radial total pres- 
sure and circumferential bulk swirl distortion patterns 
because of their practical prevalence. 

Total pressure and swirl distortion are more common 
types of inlet distortion and have received more attention 
from researchers. Several works have been carried out to 
provide better understanding of the characteristics and 
effects of these distortion patterns, using numerical [2-9] 
or experimental methods [10-14]. 

Sheoran et al. [2] studied performance and operability 
of an axial compressor under swirl distortion using 3-D 
flow simulations and a designed distortion generator geo- 
metry. Different types of inlet swirl including bulk-swirl, 
paired-swirl and offset-swirl cases are studied and shifts 
in compressor characteristics are reported. Results indi- 
cated that depending on type of the swirl distortion, per- 
formance and stability of the compressor might be im- 
proved or deteriorated. In particular it showed that co- 
rotating bulk swirl improves stability of the compressor 
while counter-rotating swirl deteriorates it. Similar re- 


sults for effect of inlet swirl are reported by Fredrick et al. 


[3] and Davis et al. [5] using 1-D parallel compressor 
model and by Castaneda et al. [15] using 3-D simula- 
tions. 

Cameron et al. [16] conducted a numerical and expe- 
rimental study of stall inception in transonic axial com- 
pressors with uniform inlet as well as with radial to- 
tal-pressure distortion. Experimental measurements indi- 
cated a different spanwise distribution of axial velocity 
and pressure ratio caused by radial distortion pattern. The 
proposed tip momentum balance model has taken the 
redistribution of flow parameters into account to assess 
the effect of distortion on the stability of the compressor. 
Both experiments and the proposed model have shown 
that tip-weak radial distortion deteriorates compressor 
stability while hub-weak distortion improves it. Similar 
findings are also reported by Du et al [9]. 

In practice, total pressure and swirl distortion patterns 
usually exist simultaneously at AIP [2,3,15], although 
most of previous numerical works have studied their ef- 
fects separately. Investigating effect of separate patterns 
is more convenient since it is a relatively simpler input 
for a compressor analysis code. On the other hand, un- 
derstanding the behavior of the compressor - as a highly 
nonlinear system - under combined distortion patterns, 
seems to be of great importance. The main question is 
whether the flow field and the compressor’s response 
would change significantly when distortion patterns are 
combined or these patterns could be studied separately 
and their effects could be superimposed. 


This paper represents a numerical study conducted to 
investigate the effect of total-pressure, swirl and com- 
bined distortion patterns on the performance and stability 
of a transonic axial compressor. Three dimensional nu- 
merical simulations are carried out for this purpose. Bulk 
swirl and radial total pressure distortion patterns with 
different intensities are examined. Different combined 
distortion patterns are also studied and their effects on the 
compressor performance and stability are compared with 
those of each individual pattern. 


Geometry 


This numerical study is carried out on an isolated axi- 
al-flow compressor rotor, the NASA Rotor 67. Rotor 67 
is a transonic low aspect ratio design rotor, originally 
tested at NASA Lewis research center and reported by 
Strazisar [17]. The main specification of NASA Rotor 67 
is represented in Table 1. Fig. 1 shows the geometry of 
the blade and the aerodynamic survey locations. 


Table 1 NASA Rotor 67 specification [17]. 


Characteristics Value 
No. of blades 22 
Design rotational speed (r/min) 16043 
Tip speed (m/s) 429 
Inlet tip relative Mach number 1.38 
Design mass flow rate (kg/s) 33.25 
Design pressure ratio 1.63 
Design tip clearance (mm) 1.01 
Average aspect ratio 1.56 
Tip solidity 1.29 
Hub solidity 3.11 
Inlet hub/tip ratio 0.375 
Exit hub/tip ratio 0.478 
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Fig.1 blade geometry and aerodynamic survey locations [17] 


Numerical Method 


Simulations are conducted by solving three dimen- 


sional steady-state compressible Navier-Stokes equations. 


Commercially available CFD solver code, ANSYS CFX, 
is used to solve the governing equations. Two equation 
k-e turbulence model which is tested and verified in pre- 
vious studies on the same compressor [18,19] is used also 
in this work. A detailed description of governing equa- 
tions and the turbulence model could be found in Sam- 
mak et al. [20]. 

ANSYS Turbogrid software is employed for mesh 
generation. H-type grid topology is applied to entire do- 
main except for a relatively thin region around the blade 
where O-type grid is used. The grid is sufficiently refined 
to meet the y` requirement of the turbulence model. 

Fig. 2 shows the study domain of the compressor and 
the computational grid in blade-to-blade plane. To ensure 
the grid independency of the results, a mesh study 19 car- 
ried out using four meshes with 200K, 300K, 400K and 
500K nodes respectively. Current mesh consists of ap- 
proximately 300K nodes and is found to be a good com- 
promise between accuracy and computational cost. 
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Fig. 2 Upper: Domain of study of the test case compressor 
rotor, Lower: Computational grid used for simulations. 


The flow inside the compressor is assumed axisym- 
metric so simulations are carried out only in a single 
passage. Periodic boundary condition is used at domain 
sides to account for axisymmetry of the flow. Solid 
boundaries are considered non-slip, adiabatic and smooth. 
Average static pressure is specified at the outlet boundary. 
Inlet boundary condition is defined according to the de- 
sired inlet distortion pattern and is discussed in the fol- 
lowing section. 

Unsteady events like shock motion and vortex shed- 
ding are not modeled in this steady-state simulation and 
will naturally cause inaccuracy especially in the near-stall 


condition, where unsteady phenomena play a critical role. 
However, a number of previous studies involving steady- 
state simulation of the same compressor have shown that 
a satisfactory accuracy is achievable even at the near-stall 
condition [15,18,19]. 

To obtain the compressor characteristics, simulations 
started from the choking condition and moved toward 
near-stall point by gradually increasing the outlet pres- 
sure. The near-stall condition is decided to be the last 
stable operating point prior to onset of oscillation of flow 
parameters. All simulations are at design rotational speed 
of the compressor. 


Distortion Types and Inlet Boundary Condition 


Presence of distortion patterns at incoming flow is in- 
troduced into the simulations by defining appropriate 
boundary conditions at the domain inlet. In this work, 
inlet flow with total pressure distortion, swirl distortion 
and a combination of the two types are studied. All in- 
vestigated distortion patterns are axisymmetric and thus 
consistent with the single-passage simulations. 

Total pressure, total temperature and flow direction are 
parameters that are specified as inlet boundary condition. 
For clean inlet flow, the flow properties are set to be uni- 
form at the inlet and equal to the values in Table 2. For 
each distorted flow case, total pressure and flow direction 
are specified in a way that characterizes the presence of 
the specific distortion pattern. Total temperature at the 
inlet is identical for all clean and distorted cases. 


Table 2 Specified inlet boundary condition for clean inlet 


flow case. 
Total pressure Flow direction 


1 atm 288 K Axial 


Total temperature 


Two radial total-pressure distortion patterns, namely 
tip-radial and hub-radial patterns are studied in this work. 
In tip-radial distortion pattern, total pressure has a radial 
distribution in a way that its value in the blade hub area 
equals to the total pressure of clean inlet but linearly de- 
creases to a lower value at the blade tip area. In hub- 
radial pattern, total pressure in the blade tip area is equal 
to clean value and the low pressure side is in the hub area. 
The relative amount of pressure drop in the distorted 
(low-pressure) side determines the Distortion Intensity: 


be fod x100% (1) 


0c 
where Po, and P,a refer to total pressures of clean and 
distorted sides respectively. 
Fig. 3 shows a tip-radial and a hub-radial distortion 
pattern with an intensity of DI=10%. Flow direction in 
pressure distortion cases is axial, as for the clean inlet case. 
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Fig. 3 Tip and hub radial distortion patterns with DI = 
10%. 


Bulk swirl distortion with Co- and Counter-rotating 
swirl flow is also investigated in this work. Total pressure 
boundary condition for these cases is the same as clean 
inlet case but incoming flow is no longer axial and has a 
circumferential component at the inlet. An appropriate 
flow direction angle is imposed at the inlet to produce the 
desired circumferential velocity while avoiding a radial 
velocity component. 

Positive and negative swirl angles corresponding to 
co- and counter-swirl patterns are imposed at the inlet 
with magnitudes of 5 and 10 degrees. Swirl angle is the 
angle between inlet flow direction and the axis of the 
compressor. Note that swirl angle is constant for all radii 
thus uniform in whole AIP. 


Results and Discussion 


This section is dedicated to presentation of the simula- 
tion results and a discussion on the phenomena. First 
results for the validation tests are presented and then si- 
mulations with different distortion types. 


Model Assessment and Validation 


Numerical results for clean inlet flow are used for 
model assessment and validation of results. Results for 
compressor pressure ratio and efficiency are plotted in 
Fig. 4 and compared against experimental data from 
Strazisar [17]. Numerical and experimental mass flow 
rates are normalized against their respective choking 
mass flow. Numerical results agree fairly well with the 
experimental data in whole mass flow range. Accuracy is 
slightly deteriorated near the stall point, however, it is 
still in a good level. Maximum error for stall total pres- 
sure ratio and mass is 4.6% and 0.75% respectively. 

Fig. 5 and 6 show distribution of relative Mach num- 
ber over the compressor blade. Fig. 5 shows the contours 


at 70% blade span, at near-stall point while Fig. 6 is tak- 
en at 30% blade span and near-peak-efficiency point. 
Experimental data for few other span-wise locations are 
also provided in Ref. [17] which agree with the simula- 
tion results in the same manner and accuracy and is not 
presented for the sake of conciseness. 
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Fig. 4 Comparison of numerical results for compressor’s cha- 
racteristic map against experimental data 


Fig. 5 Contour plot of relative Mach number at 70 % blade 
span, near stall point: (a) numerical, (b) experimental. 


Fig. 6 Contour plot of relative Mach number at 30 % blade 
span, near peak efficiency point: (a) numerical, (b) 
experimental. 


As seen in the figures, numerical results for distribu- 
tion of relative Mach number is in a close agreement with 
the experimental data and indicates that the simulations 
predicted the shock structure with a very good accuracy. 


Total Pressure Distortion 


Two radial distortion patterns, described earlier, with 
two different intensities are imposed at rotor inlet boun- 
dary and their effect on compressor characteristics is illu- 
strated in Fig. 7(upper). As seen in the figures, both dis- 
tortion patterns reduce choking mass flow of the com- 
pressor and shift the characteristic map toward left side 
of the diagram. Fig. 7(upper) indicates that hub radial 
distortion improves operability range of the compressor. 
Stall mass flow is reduced and mass flow range between 
stall and choking condition is widened. Stall pressure 
ratio is also slightly reduced. In contrast, tip radial distor- 
tion reduces operability range of the compressor. Mass 
flow range between choking and stall conditions is con- 
siderably reduced by increasing intensity of tip radial 
distortion. 

Stability Margin criterion could be defined consider- 
ing change in mass flow function between working line 
(design point) and surge line of the compressor for the 
same corrected rotational speed [21]. Using corrected 
mass flow at inlet F the criterion yields to: 


SM = Py TFs (2) 
w 
in which w and s refer to conditions on working line and 
surge line respectively. 
Because working line cannot be defined for an isolated 
rotor, choking mass flow is used to define Stability Range 


criterion: 


SR = s (3) 


in which ch refers to choking condition. This criterion 
measures the stable mass flow range of the compressor 
from choke to stall conditions. Fig. 7(lower) shows the 
effect of radial distortion on the compressor stability 
range using criterion defined in Eq. 3. It indicates that 
hub radial distortion improves stability range of the 
compressor while tip radial pattern deteriorates it. To 
explain the effect of inlet distortion on the stability, one 
should take a more detailed look at flow instability and 
stall inception in axial compressors. 

There are two distinctive stall inception routes in axial 
compressors and their difference is the type of initial 
perturbation in pressure/velocity. Long length-scale or 
modal inception is characterized by gradual evolution of 
a small amplitude disturbance. Second stalling route 
which is called spike type stall inception, initiates with a 
short length-scale disturbance that can grow into a two 
dimensional stall cell more rapidly than in modal incep- 


tion [22]. 

Modal inception is considered a well-known pheno- 
menon and is described in [23,24]. Spike type stall incep- 
tion is, however, less understood. This stalling route and 
its characteristics are studied in [16,22,25-27]. 


1.70 


Pressure ratio 


1.50 —— Clean inlet 
7 —+— 5% tip radial 
—— 10% tip radial 
1.45 C —— 5% hub radial 
—— 10% hub radial 


28 29 30 31 32 33 34 35 
Mass flow rate (kg/s) 


Stability range 


0.04 


0.02 


10% hub 5% hub clean inlet 5% tip 10% tip 
Distortion type 


Fig. 7 Upper: Characteristic map of the compressor under hub 
and tip radial pressure distortion, Lower: Effect of 
radial pressure distortion on the stability range of the 
compressor. 


Previous studies on stall inception of NASA Rotor 67 
have indicated spike type stall inception for this com- 
pressor [19,28,29]. Effect of inlet distortion on the stabil- 
ity can be explained based on its interaction with the 
spike-type stall inception mechanism. 

Spike-type stall inception is primarily influenced by 
the tip clearance flow. Vo et al. [22] conducted a compu- 
tational study to explain this stall route and based on un- 
steady simulation results suggested that there are two 
conditions necessary for this stall type and both of them 
are linked with tip clearance flow. First condition is that 
the interface between tip clearance and main incoming 
flow become parallel to the blade leading edge plane. 
Second condition is initiation of reverse flow at rotor 
trailing edge, stemming from fluid in adjacent passage. 


Cameron et al. [16] investigated tip-leakage flow and 
its relationship to stall in a transonic axial compressor 
using both numerical and experimental methods and pro- 
vided support for Vo’s hypothesize. Results indicate that 
a very distinctive interface exists in the blade tip region 
where the main incoming flow meets the reverse 
tip-leakage flow. Location of the interface is determined 
from momentum balance between main incoming flow at 
blade tip area and reverse tip-leakage flow. As flow coef- 
ficient reduces, momentum of the incoming flow de- 
creases. Reduction in flow coefficient also increases 
blade incidence angle and therefore blade load which 
results in an increase in tip-leakage flow. So the resulting 
momentum balance causes the interface to move toward 
the blade leading edge as flow coefficient decreases. 
Compressor falls into stall condition when the interface 
reaches the blade leading edge plane. 

Radial total pressure distortion alters velocity distribu- 
tion at the compressor inlet. Fig. 8 shows the span-wise 
distribution of axial velocity just upstream of the blade 
leading edge for clean and hub-radial distortion cases 
studied in this work. Axial velocities are normalized 
against their average value. Mass flow rate and thus av- 
erage axial velocity is identical for all three cases and 
corresponds to the near-stall point on compressor map 
with clean inlet. 

As seen in Fig. 8, pressure distortion at the inlet 
caused a different distribution of axial velocity upstream 
of blade leading edge. Area with lower total pressure 
corresponds to area with lower axial velocity, 1. e. 
hub-radial distortion pattern results in a velocity distribu- 
tion with higher values at blade tip area. Increasing the 
distortion intensity causes the axial velocity at blade tip 
to increase more. 

Change in axial velocity at blade tip area modifies the 
momentum balance between the main incoming and 
secondary tip-leakage flows. Higher velocity at tip helps 
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Fig. 8 Spanwise distribution of axial velocity in blade leading 
edge plane for clean and distorted inlet flow 


to push back the tip-leakage flow and move the interface 
toward the flow passage, i. e. away from the blade lead- 
ing edge. This displacement of the interface between two 
flows improves the stability of the compressor. On the 
contrary, tip-radial distortion pattern reduces the axial 
velocity (thus the flow momentum) at blade tip area. 
Reduction in the momentum of the incoming flow causes 
the interface to move toward the blade leading edge 
which in turn deteriorates the stability of the compressor. 
These results are in line with the findings in [9,16]. 


Inlet Swirl 


Four cases with bulk swirl pattern at the inlet are si- 
mulated and their effects on compressor characteristics 
map are discussed. Fig. 9 (upper) shows the calculated 
characteristics of the compressor when subject to co- and 
counter-rotating bulk swirl with magnitudes of 5 and 10 
degrees. Results show that for a constant mass flow rate, 
co-rotating inlet swirl decreases compressor total pres- 
sure ratio. Furthermore the stall point is moved to a lower 
mass flow. Although both choking and stall mass flow 
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Fig. 9 Upper: Characteristic map of the compressor under 
bulk swirl, Lower: Effect of swirl distortion on the 
stability range of the compressor. 


rates are decreased but the stable operational range of the 
compressor is widened. This fact is also seen in Fig. 9 
(lower) which shows an increase in stability range of the 
compressor due to co-swirl distortion. 

Counter-rotating swirl affects compressor characteris- 
tics oppositely. As illustrated in Fig. 9(upper), pressure 
ratio is increased for a constant mass flow rate. Both 
choking and stall conditions are moved to a point with 
higher mass flow rate but stable operational range of the 
compressor is shrunk which means a reduction in stabili- 
ty range, as shown in Fig. 9(lower). 

Co-swirl flow reduces the relative flow angle at the 
blade leading edge which in turn reduces blade load and 
thus pressure ratio at a constant mass flow. Moreover, 
decrease in relative flow angle reduces blade incidence 
angle which makes flow over the blade less likely to sep- 
arate and thus improves the stability margin of the rotor. 
On the contrary, counter-swirl flow increases the relative 
flow angle at rotor leading edge, which results in an in- 
crease in blade load that raises the pressure ratio of the 
compressor. It also increases the blade incidence angle 
and makes the flow more likely to separate from the 
blade which results in loss in stability range. 

Findings on effect of inlet swirl are in line with pre- 
vious findings [2,3,5,15]. 


Combined Distortion Patterns 


Six cases with combined swirl and total-pressure dis- 
tortion patterns are examined to study the effect of com- 
bined patterns on compressor performance and stability. 
Table 3 shows the combined cases that are investigated in 
this study. 


Table 3 Combined swirl and total pressure distortion patterns 
studied in this work 


Distortion patterns 
5° co-swirl + 10% tip-radial 
10° co-swirl + 10% tip-radial 
10° counter-swirl + 10% tip-radial 
10° co-swirl + 5% tip-radial 
10° co-swirl + 10% hub-radial 


10° counter-swirl + 10% hub-radial 


Fig. 10 shows the compressor characteristics map un- 
der combined distortion patterns. Results for cases with 
only one of each distortion pattern are also plotted for 
comparison. 

A qualitative examination of results in Fig. 10 sug- 
gests that combining distortion patterns does not change 
the way they affect the compressor characteristics map. 
For instance, adding a 10 degree co- or counter-swirl 
flow to the inlet of a compressor which is already subject 
to a tip-radial distortion pattern, has a same qualitative 


effect as adding it to a compressor with a clean inlet, 1.e. 
counter-swirl flow shifts the compressor map to right and 
upwards while co-swirl shifts it to left and downwards 
(Fig. 10a). Same trend is seen in Fig. 10b for adding 
swirling flow to a hub-radial pressure distortion pattern at 
the inlet. 

Fig. 10c compares effect of adding tip-radial pressure 
distortion to a compressor with a clean inlet and another 
one with a 10 degree of co-swirl. Again one can see that 
tip radial distortion changes the two characteristics maps 
in a similar way, i.e. it reduces compressor choking mass 
flow and shrinks the operability range. Same inference 
can be drawn by assessing Fig. 10d. 

A quantitative investigation of the results, however, 
reveals that effects of isolated distortion patterns cannot 
always be simply added up to determine the effect of a 
combined pattern. To indicate this point three aspects of 
change in compressor map due to distortion are analyzed. 
These three criteria are change in the compressor stability 
range, choking mass flow and stall pressure ratio. 

A criterion is defined for each aspect of change. ASR 
is defined as the amount of deviation in Stability Range 
criterion of each case with respect to the clean inlet case 
(Eq. 4), AF, is the normalized change of choking mass 
flow with respect to the clean inlet case (Eq. 5) and APr, 
is normalized change in compressor stall pressure ratio 
with respect to the clean inlet case (Eq. 6). Knowing 
these three criteria, one can relocate the compressor map 
for clean inlet and estimate the new map for distorted 
inlet cases. 


ASR = SR = SN. (4) 
F,-F 
AF, _ ch ch,clean (5) 
Fs edi 
Pr.—P 
A Pr, = L Is clean (6) 
Ty clean 


Fig. 11 illustrates the values of the so mentioned three 
criteria that are obtained by superimposition of the ef- 
fects of each individual pattern. The error bars indicates 
the amount of error in reference to the values obtained by 
direct simulation of combined patterns. 

Evaluation of the results in Fig. 11b and 11c shows 
that values for AF’, and APr, obtained by superimposi- 
tion are in a close agreement with those obtained by si- 
mulation of the associated combined patterns. The 
amount of error is in a very acceptable range (less than 
1%) for all cases. It is also interesting to note that in most 
of the cases, superimposition of the results slightly over- 
estimated the effect of a combined pattern. Fig. lla on 
the other hand shows that values obtained by superimpo- 
sition for ASR are significantly different than those ob- 
tained by simulation of combined patterns. The magni- 
tude of the error is far beyond the acceptable range. It is 
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Fig. 10 Characteristic map of the compressor under combined distortion patterns. 
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11 Results for effect of a combined distortion pattern obtained by superimposition and its associated error in reference to re- 


worth to mention that superimposition again has overes- 
timated the effect of the combined pattern. Moreover, 
values for ASR of combined patterns are somehow close 
to the average of the values of each individual pattern. 

These indications suggest that although superimposi- 
tion of effects of each individual pattern could predict 
some aspects of a combined pattern’s effect on compres- 
sor performance, it cannot be used to assess the com- 
pressor stability condition. For a reliable analysis of 
compressor stability under a combined inlet distortion 
pattern, a simulation with the real, combined pattern is 
necessary. 


Conclusions 


This study is concerned with the effect of inlet flow 
distortion on the performance and stability of an axial 
transonic compressor. Numerical simulations with radial 
total-pressure and circumferential swirl distortion pat- 
terns are carried out and following conclusions are 
drawn: 

1-Co-swirl distortion shifts compressor map to the left 
and downward and increases stability range of the com- 
pressor. For a constant mass flow rate, it reduces pressure 
ratio of the compressor. On the contrary, counter-swirl 
distortion shifts the compressor map to the right and up- 
ward and decreases stability range of the compressor. It 
increases pressure ratio of the compressor for a constant 
mass flow rate. Change in relative flow angle (and thus 
the blade incidence angle) due to swirl distortion explains 
its effect on the compressor performance and stability. 

2- Hub radial distortion improves stability range of the 
compressor. Both choking and stall mass flow rates are 
reduced and operational mass flow range of the com- 
pressor is widened. In contrast, Tip radial distortion dete- 
riorates stability range of the compressor. 

3- Radial total-pressure distortion alters span-wise dis- 
tribution of axial velocity at the inlet to the rotor. Effect 
of this distortion pattern on stability is explained based 
on how this redistribution of parameters interacts with 
spike-type stall inception mechanism. Hub-radial distor- 
tion results in a velocity distribution with higher values at 
blade tip area. Higher velocity helps the incoming flow to 
push back the tip-leakage flow and move their interface 
toward the flow passage. This displacement of interface 
then improves stability of the compressor. On the con- 
trary, tip-radial distortion alters the axial velocity distri- 
bution in a way that lowers the axial velocity in the blade 
tip area. Lower axial velocity (thus lower flow momen- 
tum) at tip area causes the interface to move toward the 
leading edge and thus deteriorates stability of the com- 
pressor. 

4-A qualitative analysis of results for combined dis- 
tortion patterns suggests that adding a new distortion 


pattern to an already existing one at the inlet, has the 
same qualitative effect on the compressor map shift. A 
quantitative analysis, however, indicates that although 
superimposition of effects of each individual pattern pro- 
vided acceptable prediction for a combined pattern’s ef- 
fect on compressor performance, it is unable to predict its 
effect on the compressor stability. Results obtained for 
stability range by simulation of combined patterns are 
significantly different than those obtained by the supe- 
rimposition. 
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